in this field, focusing on the analysis of MDCT images of paranasal sinuses in New Zealand rabbits, 3-dimensional anatomic properties of rabbit paranasal sinuses by modeling of these images, and the study of their biometric measurements.
Materials and methods
This study was accepted by the ethics committee of the Veterinary Faculty of Selçuk University on 24 June 2009 (decision number: 2009/056).
Age and weight
In this study, a total of 16 New Zealand rabbits of both sexes aged 1-1.5 years and weighing between 3 and 3.5 kg were used.
Anesthesia
The rabbits were intravenously anesthetized with a mixture of 5 mg/kg ketamine-HCl (Ketamidor, RicherPharma AG, Austria) and 20 mg/kg propofol (Propofol amp., Fresenius Kabi, Austria).
MDCT images
Under anesthesia, MDCT images of animals in the prone position were obtained. The parameters of the MDCT (Somatom Sensation 64; Siemens Medical Solutions, Germany) instrument were adjusted as follows: physical detector collimation, 32 × 0.6 mm; final section collimation, 64 × 0.6 mm; section thickness, 0.75 mm; gantry rotation period, 330 ms; kVp, 120; mA, 300; resolution, 512 × 512 pixels; resolution range, 0.92 × 0.92. Dosage parameters and scanning were done on the basis of predictions from standard protocols and the current literature (15, 16 ). An attempt was made to obtain radiometric resolutions (MONOCHROME2; 16 bits) at the lowest radiation level with optimum image quality. The axial images obtained were saved in DICOM format and then evaluated in a personal computer.
Three-dimensional reconstruction
In the first stage of the automatic segmentation process, the limits of the sinus cavities and conchae were determined. The points that were not correctly positioned on boundaries of sinuses and conchae were edited point by point with a computer mouse by only one and the same operator who was the head researcher of the present study (as shown in Figures 1-3 ). Manual correction was performed after controlling again with the naked eye, deleting unneeded places, and then reconstruction was carried out with the 3-dimensional translator component of the mentioned program by overlapping the images, the limits of which were determined. Three-dimensional images, localization, modeling of this region, and volume and surface area of paranasal sinuses were presented. The biometric measurements of the paranasal sinuses were carried out using 3-D modeling software (Mimics 13.1 Materialise Group, Belgium).
Statistical analysis
The statistical analysis was performed by using SPSS 13.0 for Windows. The independent samples t-test was carried out and the mean values, standard deviations, and P-values of biometrical measurements belonging to the paranasal sinuses in the right and left side for males and females were calculated separately. In this study, a statistically significant difference was observed for the paranasal sinuses within and between both sexes.
Nomina Anatomica Veterinaria (17) was used in terminology.
Results
As a result of reconstruction, it was determined that each half of the head had the dorsal nasal concha, middle nasal concha, ventral nasal concha and endoturbinalia (as shown in Figures 4-7) , and maxillary sinus, which consisted of 2 compartments (as shown in Figure 8 ). The statistical analysis of volumetric values and surface area measurements of the reconstructed maxillary sinus and concha were performed (as shown in Tables 1-6 ). There was no statistically significant difference between the right and left paranasal sinuses of the same sex (P > 0.05). However, significant statistical differences were determined between cavities forming paranasal sinuses on the same sides of male and female rabbits (P < 0.05). While performing statistical analysis, we did not consider the weights of the rabbits because in this study they were selected on the basis of having similar weights. 
Statistical results obtained as a result of reconstruction
The results presented in Tables 1-4 show that there are no differences between surface area and volumetric parameters of right and left paranasal sinuses of male and female New Zealand rabbits.
Results from Table 5 show that there are statistically significant differences between surface area parameters belonging to the right and left paranasal sinuses of male and female New Zealand rabbits. Surface area measurement values of maxillary sinus, ventral nasal concha, middle nasal concha, dorsal nasal concha, and endoturbinalia are higher in the male rabbits than those of female New Zealand rabbits.
Significant differences were found between volumetric parameters belonging to the right and left paranasal sinuses of male and female New Zealand rabbits. Volumetric measurement values of maxillary sinus, ventral nasal concha, middle nasal concha, dorsal nasal concha, and endoturbinalia were found to be higher in male rabbits than in female New Zealand rabbits (Table 6 ).
Discussion
Unlike human beings, the maxillary sinuses of New Zealand rabbits are made up of 2 compartments. Conchae, on the other hand, are more developed and have a more complex structure than those of human beings. The frontal sinus and sphenoidal sinus were not encountered. A real Data expressed as the mean ± SD. Data expressed as the mean ± SD. Data expressed as the mean ± SD.
3-dimensional reconstructions of paranasal sinuses in terms of statistics. In our study, on the other hand, 3-dimensional reconstruction of rabbit paranasal sinuses was carried out semiautomatically and automatically. The authors noted that, since the measurement values of both methods were similar, semiautomatic and automatic reconstruction data could be used in clinical applications. Altman et al. (20) determined that the fatty tissues in frontal sinuses of rabbits began disappearing beginning from the 12th week, by which time frontal sinuses disappeared. In this study, frontal sinus was not observed since the rabbits were adult.
Bahadir et al. (19) obtained MDCT images of paranasal sinuses of New Zealand rabbits from both sexes and calculated the volume of the maxillary sinus automatically. According to the results, the volume of maxillary sinus varied between 670 and 910 mm 3 regardless of whether rabbits were male and female. In our study, on the other hand, the mean right side in female rabbits was 561.15 mm (21) performed 3-dimensional reconstruction of CT images belonging to human maxillary sinuses and determined that the length and width of the maxillary sinus were similar for both sexes both on the right and left sides. In our study, although the volume and surface measurements of the maxillary sinus and concha did not differ for the right and left sides, it was observed that there were differences between male and female rabbits.
In MDCT images, it was determined that the paranasal sinuses in each hemisphere of the head were made up of the maxillary sinus, dorsal nasal concha, middle nasal concha, ventral nasal concha, and endoturbinalia, which have 2 compartments. It was observed that conchae have a quite developed structure. No statistical difference was found between volume measurement and surface area of the paranasal sinuses of the right and left sides of the same sex of rabbits. However, statistically significant differences were found between the sexes regarding the volume measurement and surface area between ipsilateral paranasal sinuses of rabbits. When these results were taken into account, it was presumed that paranasal sinuses of males were more developed than those of females with the same weight.
In conclusion, it is thought that this study, using high technology, will contribute to the present knowledge on paranasal sinuses of rabbits and may add a modern dimension to further anatomical studies on paranasal sinuses.
